This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



mm 

MM 



PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 7 
A61B 17/86, 17/80, 17/70 



Al 



(11) International Publication Number: WO 00/47120 

(43) International Publication Date: 17 August 2000 (17.08.00) 



(21) International Application Number: PCT/US00/03298 

(22) International Filing Date: 9 February 2000 (09.02.00) 



(30) Priority Data: 
09/247,642 



10 February 1999 (10.02.99) US 



(71) Applicant: DEPUY ACROMED, INC. [US/US); 325 Para- 
mount Drive, Raynham, MA 02767-0350 (US). 

(72) Inventors: BONO, Frank, S.; 24 Woodland Way, Rehoboth, 
MA 02767-0350 (US). FENTON, Mark, A.; 701 Bond 
Street, North Manchester, IN 46962 (US). 

(74) Agents: JOHNSON, Phil, S. et ah; Johnson & Johnson, One 
Johnson & Johnson Plaza, New Brunswick, NJ 08933-7003 
(US). 



(81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB, BG, 
BR, BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, 
GE, GH, GM, HR, HU, IL, IS, JP, KE, KG, KP, KR. KZ, 
LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, MN, MW, 
MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, 
TJ, TM, TR, TT. UA, UG, UZ, VN, YU, ZA, ZW, ARIPO 
patent (GH, GM, KE, LS, MW, SD, SL, SZ, TZ, UG, ZW), 
Eurasian patent (AM, AZ, BY. KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, CH, CY, DE. DK, ES, FI, FR, 
GB, GR. IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, 
BJ, CF, CG, CI, CM, GA, GN, GW, ML, MK, NE, SN, 
TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: BI-FED OFFSET PITCH BONE SCREW 




(57) Abstract 

A bone screw is disclosed which has increased pull-out resistance by offering an increased thread depth while optimizing thread 
pitch. The bone screw has a dual lead thread having a first lead and a second lead each in the form of a helix wherein the second lead 
starts less than a 180° after the first lead. In one aspect, the bone screw has first and second thread grooves with one of the thread grooves 
having a greater depth than the other. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


CD 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TC 


Togo 


BD 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Paso 


CR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United Slates of America 


CA 


Canada 


IT 


Italy 


MX 


Mex ico 


• uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CC 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cote d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakslan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 00/47120 



PCT/US00/03298 



5 . BI-FED OFFSET PITCH BONE SCREW 

Background and Summary of the Invention 

The present invention relates to a fastener for coupling a medical device 
to a bone; more particularly to a bone screw; and most particularly to a bone screw that 

10 has a desirable pullout value ; 

Bone screws have long been known in the art. For example, U.S. Patent 
No. 5,261,910 discloses the use of bone screws in conjunction with plates to fix bones 
into a specific spacial relationship. The methods and materials disclosed in U.S. Patent 
No. 5,261,910 are hereby incorporated by reference. 

15 Many prior art bone screws are single thread screws. See, for example, 

U.S. Patent No. 4,950,270, hereby incorporated by reference. Such bone screws have a 
single ridge which travels along the screw in the shape of a helix. Double thread 
screws are also known. See, for example, U.S. Patent No. 5,022,277, hereby 
incorporated by reference. An ordinary double thread screw has two ridges starting 

20 180° apart, both of which form helices along the length of the screw. Triple thread 
screws, wherein the ridges start 120° apart, are also known. See U.S. Patent No. 
5,022,277. 

The present invention comprises a bone screw which has increased 
pullout resistance by offering an increased thread depth while optimizing thread pitch. 

25 The bone screw of the present invention has a dual lead thread which is provided as an 
offset thread. Unlike ordinary double thread screws, in which the threads start 180° 
apart, the bone screw of the present invention has two ridges which start closer 
together, illustratively, about 120° apart. The ridges are provided in a spiral pattern, but 
appear to spiral together along the shaft of the bone screw, creating a large groove and a 

30 small groove. By providing an offset dual lead thread, machining limitations can be 
overcome to produce a bone screw with increased thread depth while maintaining or 
decreasing thread pitch, thus providing desirable pullout values. 

In an illustrated embodiment, a plate and bone screw apparatus for 
orthopaedic applications is provided. The bone screw is provided with the offset dual 

35 lead and with a second threaded portion adjacent to a head of the bone screw. The plate 
is provided with a plurality of apertures having internal threads and the threads of the 
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5 second threaded portion of the bone screw are positioned and sized to engage the 
internal threads in apertures of the plate. Preferably, the plate is not itself threaded. 
Rather, internal threads are located on expandable bushings provided within the 
apertures of the plate. Such a plate is disclosed in U.S. Application Ser. No. 
08/902,061, filed on July 29, 1997, hereby incorporated by reference. Also, in the 

10 preferred embodiment, the shaft of the bone screw in the region of the second threaded 
portion may be tapered for locking into the expandable bushings. 

Additional features of the present invention will become apparent to 
those skilled in the art upon consideration of the following detailed description of 
preferred embodiments exemplifying the best mode of carrying out the invention as 

1 5 presently perceived. 

Brief Description of the Drawinus 

Fig. 1 is a perspective view of a portion of a vertebral column as it 
would appear to a surgeon during attachment of a bone plate to spaced apart vertebrae, 
20 showing the bone plate including apertures, and showing four bone screws in 

accordance with this invention, in which each bone screw extends through one of the 
apertures; 

Fig. 2 is a perspective view of the bone plate of Fig. 1 , showing one 
bone screw in accordance with the present invention extending through one of the 
25 apertures and a second bone screw in general alignment with another of the apertures; 

Fig. 3 is a perspective view of a bone screw in accordance with this 
invention, showing the bone screw including a head, a tip, and a shaft extending 
between the head and the tip, the shaft having an offset dual lead thread thereon, the 
dual lead thread including a first ridge and a second ridge spaced apart from the first 
30 ridge; 

Fig. 4 is a side view of the bone screw of Fig. 3, showing the dual lead 
thread of the shaft including a first ridge and a second ridge spaced apart from the first 
ridge; and 

Fig. 5 is a top view of the bone screw of Fig. 3, showing the head 
35 including an hexagonal-shaped aperture. 
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5 Detailed Description of the Drawings 

The present invention relates to a bone screw 10 with an offset dual lead 
thread 19. As representative of the present invention, Fig. 1 illustrates several bone 
screws 10 of the present invention which are used to couple a bone plate 50 to spaced- 
apart vertebrae 42, 43, and 44 of a vertebral column 40. Bone screw 10 is provided to 
10 couple bone fixation devices to bone and to provide a surgeon with desirable pullout 
values. 

As shown in Fig. 1, bone screw 10 couples bone plate 50 to an anterior 
side 46 of vertebrae 42, 43, and 44. Vertebrae 42, 43, and 44 are spaced apart by disks 
48 or prosthetic spacers (not shown). It is appreciated that bone screw 10 is configured 
15 to couple bone plate 50 to an anterolateral or anterior side 46 of cervical, thoracic, or 
lumbar portions of vertebral column 40 in accordance with the present disclosure. It 
will be understood that other plates may be used in combination with bone screw 10 in 
the posterior vertebrae, or elsewhere, such as on the arm, leg, or anywhere bone plates 
may be used. 

20 Referring now to Fig. 2, bone plate 50 includes an outer surface 60, an 

inner surface 62 for engaging vertebrae 42, 43, and 44, and apertures 52 extending 
between outer and inner surfaces 60, 62. As shown in Fig. 2, bone plate 50 has six 
apertures 52. A bushing 56, having a passageway 58 therethrough with internal threads 
54, rides in each aperture 52. Bone plate 50 is also provided with slots 59, which 

25 extend between outer and inner surfaces 60, 62. Fig. 2 also shows bone screws 1 0, 
sized for extension through apertures 52 of bone plate 50. 

Referring now to Fig. 3, bone screw 10 of the present invention includes 
ahead 12, a tip 14, and a shaft 16 extending between head 12 and tip 14. In addition, 
bone screw 10 has two threaded sections, a dual lead threaded section 1 8 positioned to 

30 extend within bone, and a second threaded section 28 adjacent to head 12. Dual lead 
threaded section 18 provides desirable pullout values when threaded into vertebrae 42, 
43, and 44, while second threaded section 28 is sized to engage internal threads 54 of 
bushing 56, located within apertures 52 of bone plate 50. Thus, bone screw 10 securely 
couples bone plate 50 to vertebral column 40. Bone screw 10 is constructed of titanium 

35 alloy, although it is understood that bone screw 10 may be constructed of titanium, 
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5 stainless steel, or any number of a wide variety of materials possessing the mechanical 
properties suitable for attachment with bone. 

While bone screw 10 is described with reference to a particular bone 
plate 50 and vertebral column 40, it is appreciated that bone screw 10 may be used with 
any number of prosthetic appliances and in any number of bone sites in accordance 

10 with the present disclosure. Additionally, bone screw 10 may be used alone in certain 
circumstances, without the use of other prosthetic appliances. 

Referring to Figs. 3 and 4, dual lead threaded section 18 includes a dual 
lead thread 19. Dual lead thread 19 comprises a first lead 22 and a second lead 24. 
Each lead 22, 24 is provided in the form of a helix, which is disposed around shaft 16 

1 5 along an axis 32. Because dual lead thread 1 9 is provided as an offset thread, leads 22, 
24 appear to spiral together along shaft 16. As shown, bone screw 10 also includes 
second threaded section 28 located adjacent head 12 of shaft 16. Second threaded 
section 28 is provided with second thread 29, which is also disposed around shaft 16 
along axis 32 in the form of a helix. 

20 As shown in Fig. 4, the leads 22, 24 form a series of adjacent ridges. 

Referring to positions along a top edge 38 of bone screw 10, a peak 22a of first lead 22 
and an adjacent peak 24a of second lead 24 are adjacent to second threaded section 28. 
Peaks 22a, 24a represent a first turn of dual lead thread 19. Positions indicated by 
peaks 22b, 24b are separated by one turn along axis 32 of bone screw 1 0 from the 

25 positions indicated by peaks 22a, 24a. Similarly, peaks 22c, 24c are separated by one 
turn along axis 32 from the positions indicated by peaks 22b, 24b. Peaks 22d, 24d are 
separated by one turn from peaks 22c, 24c. Also, peaks 22e, 24e and 22f, 24f are 
similarly separated from adjacent peaks. 

First lead 22 has a predetermined lead 1„ illustrated as the distance from 

30 the position indicated by peak 22c to the position indicated by peak 22d. Second lead 
24 is offset from first lead 22 by a predetermined offset 1 2 , illustrated as the distance 
between the positions indicated by peaks 22c and 24c. Illustratively, first lead 22 and 
second lead 24 start 120° apart, so that offset 1 3 is one-third the distance of lead I,. The 
distance between the position indicated by peak 24c and the next turn of first lead 22, as 

35 indicated by peak 22d, offset I 3 , is two-thirds the distance of lead I,. 
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5 Still referring to Fig. 4, bone screw 10 has a large groove 36 and a small 

groove 37. Large groove 36 of bone screw 10 has a thread depth d,. Thread depth d, is 
the radial distance from a peak position 35 to a position at a trough 33 of lead 1 3 . Small 
groove 37 has a thread depth d 2 , which is the radial distance from peak position 35 to a 
position at a trough 34 of lead U. In the illustrative embodiment, thread depth d, is at 

10 least twice thread depth d 2 . 

To achieve a desirable pullout value in cancellous bone, bone screw 10 
maximizes thread depth. Using currently available standard machining techniques to 
achieve the greatest possible thread depth, the average of d, and d, would be greater on 
bone screw 10 with offset dual lead threaded section 18 than the thread depth obtained 

1 5 in machining a bone screw with the same length, major diameter, and with an ordinary 
double thread having lead 1,. Thus, in manufacturing bone screw 10, average thread 
depth can be increased while maintaining or even decreasing thread pitch. Because 
bone screw 10 of this invention has increased thread depth, it may provide greater 
pullout values than a screw with an ordinary double thread having the same length, 

20 major diameter, and lead 1,. 

Bone screws having an offset dual lead thread in which the offset is 
other than 120° may also provide desirable pullout values and are within the scope and 
spirit of the invention. For example, an offset of 90° would correspond to two adjacent 
leads of a quadruple lead thread, while 144° would correspond to the first and third 

25 leads of a quintuple lead thread. Both of these examples, and others, may provide 

desirable pullout values. Offsets between about 90° and about 1 50° may be effective in 
providing desirable pullout values. 

Fig. 5 shows head 12 of bone screw 10. As illustrated, head 12 includes 
a surface 13 which is formed to include a cavity 20 for receiving a driving device (not 

30 shown). While cavity 20 of bone screw 1 0 is generally hexagonal in shape, it will be 
appreciated that other head configurations for use with other driving devices may be 
provided in accordance with the present disclosure. 

As shown in Figs. 3 and 4, tip 14 is provided with cutting edge 15. 
Thus, bone screw 10 is self-tapping. While the preferred embodiment is for a self- 

35 tapping bone screw, it is understood that bone screws with tips of other configurations 
may be used in accordance with this invention. 
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5 As best seen in Figs. 4, second threaded section 28 lies adjacent to head 

12. As illustrated, second thread 29 is a triple thread, with leads starting about 120° 
apart. First lead 22 and second lead 24 of dual lead thread 19 continue through second 
threaded section 28, and they are joined by a third lead 26, to form second thread 29. In 
Fig. 4, a peak 22g indicates a position on a bottom edge 39 of bone screw 10. Peak 

10 22g is located along first lead 22 within second threaded section 28. Similarly, the 
position indicated by peak 24g is located along second lead 24 within second threaded 
section 28. Third lead 26 is positioned about 120° from first lead 22 and about 120° 
from second lead 24. While dual lead threaded section 18 is designed for providing 
desirable pullout values, second threaded section 28 is provided for securing other bone 

15 stabilization devices, such as bone plate 50, shown in Fig. 2. As illustrated, second 
threaded section 28 is designed to engage internal threads 54 of bushing 56 of bone 
plate 50, to secure bone plate 50 to a bone. While illustratively second threaded section 
28 is a. triple lead thread, it is understood that thread pitch, number of leads, and spacing 
may vary in accordance with the present invention. 

20 Still referring to Fig. 4, second threaded section 28 of shaft 16 tapers, as 

shown by a tapered angle 30, such that shaft 16 is slightly wider adjacent to head 12. In 
the preferred embodiment, tapered angle 30 may be about two to about twelve degrees. 
As illustrated, tapered angle 30 is approximately six degrees. 

To use bone screw 10 of this invention with bone plate 50, the surgeon 

25 first positions bone plate 50 on vertebral column 40. Tip 14 of bone screw 10 is 

inserted into passageway 58 of bushing 56. As bone screw 10 enters passageway 58, 
internal threads 54 on bushing 56 receive dual lead threaded section 18 and internal 
threads 54 guide tip 14 through passageway 58. The surgeon uses an insertion tool (not 
shown) in hexagonal cavity 20 of bone screw 10 to rotate bone screw 10 within 

30 passageway 58, to advance bone screw 10 through bone plate 50. Once tip 14 exits 

passageway 58, tip 14 engages vertebral column 40 and begins to thread into one of the 
vertebrae, for example, first vertebra 42. Because tip 14 is self-tapping, bone screw 10 
cuts its own threads in first vertebra 42. Thread depths d, and d 2 , in part, provide the 
desired pullout values. 

35 Continued rotation of bone screw 10 advances bone screw 1 0 such that 

second thread 29 engages internal threads 54. Tapered angle 30 of second threaded 
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5 section 28 of shaft 16 expands bushing 56 and presses bushing 56 into frictional 
locking engagement with bone plate 50. As bone screw 10 is driven further into 
vertebral column 40 and through bone plate 50, second threaded section 28 causes 
bushing 56 to expand, creating a friction lock between bone plate 50 and bushing 56, 
thereby locking bone screw 10 into bone plate 50. If desired, prior to insertion of bone' 

10 screw 10, a drill guide (not shown) may be used to drill a pilot hole (not shown) in 
vertebral column 40. 

It will be understood that various applications may require other head 
configurations and some applications may not require second threaded section 28. For 
example, a bone screw with an alternative head configuration may extend through slot 

15 59 to secure disk replacement material (not shown) to bone plate 50. Bone screws with 
alternative head configurations are within the scope and spirit of this invention. 

Although the invention has been described in detail with reference to a 
preferred embodiment, variations and modifications exist within the scope and spirit of 
the invention as described and defined in the following claims. 
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5 What Is Claimed is : 

1 . A bone screw comprising: 

a head, a tip, and a shaft extending between the head and tip, the shaft 
including a dual lead threaded section, the dual lead threaded section having a first lead 
and a second lead each in the form of a helix, wherein the second lead starts less than 
1 0 about 1 80° after the first lead. 

2. The bone screw of claim 1, wherein the second lead starts 
between about 90° and about 150° degrees after the first lead. 

3. The bone screw of claim 2, wherein the second lead starts about 
120° degrees after the first lead. 

15 4. The bone screw of claim 3, wherein the shaft includes a second 

threaded section extending between the dual lead threaded section and the head. 

5. The bone screw of claim 4, wherein the second threaded section 
comprises a triple lead thread. 

6. The bone screw of claim 1 wherein the tip includes a cutting 

20 edge. 

7. The bone screw of claim 1 wherein the dual lead threaded section 
further includes a first thread groove and a second thread groove, and the first thread 
groove has a depth which is greater than a depth of the second thread groove. 

8. A bone fixation assembly comprising: 
25 a bone plate having a plurality of apertures, and 

a bone screw including a head, a tip, and a shaft extending between the 
head and the tip along an axis, 

the shaft having a dual lead threaded section adjacent the tip, the dual 
lead threaded section having a dual lead thread disposed around the shaft along the axis, 
30 the dual lead thread having first lead and a second lead, wherein the second lead starts 
less than 1 80° after the first lead, and the shaft having a second threaded section 
extending between the dual lead threaded section and the head. 

9. The assembly of claim 8 wherein the apertures are internally 
threaded, and the second threaded section of the shaft is threaded to engage the 

35 internally threaded apertures. 
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5 10. The assembly of claim 9 wherein the second lead starts 

approximately 120° after the first lead. 

1 1 . The assembly of claim 8, further comprising internally threaded 
expandable bushings, wherein the bushings ride in the apertures of the bone plate, the 
second threaded section of the shaft has threads to engage the internally threaded 

10 expandable bushings, and the second threaded section of the shaft tapers to be wider 
closer to the head. 

12. The assembly of claim 1 1 wherein the second lead starts 
approximately 120° after the first lead, the threads of the second section are disposed 
around the shaft to form a triple lead thread, and the dual lead thread of the first section 

15 and the triple lead thread of the second section are sized to engage the internal threads 
of the expandable bushings. 

13. The assembly of claim 8 wherein the dual lead threaded section 
includes a first thread depth located adjacent to the first lead and provided axially 
toward the head from the first lead, and a second thread depth located adjacent the 

20 second lead and provided axially toward the head from the second lead, wherein the 
first thread depth is greater than the second thread depth. 

14. A bone fixation assembly comprising: 
an implantable medical device and 

a bone screw having a head, a tip, and a shaft extending between the 
25 head and the tip, the shaft having a first section adjacent to the tip and a second section 
extending between the first section and the head, the first section having a dual lead 
thread disposed about the shaft, the dual lead thread having a first lead and a second 
lead, wherein the second lead starts less than 180° from the first lead, and the second 
section is designed to engage the implantable medical device. 
30 15. An assembly of claim 14, wherein the implantable medical 

device is selected from the group consisting of plates, rods, and hooks. 

16. An assembly of claim 15, wherein the second lead starts between 
about 90° to about 1 50° from the first lead. 



35 
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17. An assembly of claim 16, wherein the second lead starts about 120° 
from the first lead. 

18. An assembly of claim 14, wherein the first section is further 
provided with a large groove and a small groove disposed around the shaft between the 
leads, and the large groove is deeper than the small groove. 
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